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Abstract
A high-order pregnancy is always a challenge not only for the couple but also for the 
obstetrician, the pediatricians, the midwives, and the whole stuff of an obstetric clinic. The 
breakthroughs of infertility treatments have made more couples to postpone the birth of 
their children until they feel professionally and financially safe, many times after the age 
of 40. The advanced age of the mother puts extra pressure to the clinician for immediate 
success, leading to a rise of high-order pregnancies until the introduction of regulations 
and laws in many countries. The cost of a quadruplet and quintuplet pregnancy can 
be unbearable, not only financially but also psychologically. The management of such a 
pregnancy is also challenging since its beginning and to the end. Modern techniques and 
methods can also be difficult to be implemented on a quadruplet of quintuplet pregnancy 
because of the fear of losing four or five embryos at once. At the same time, the limited 
number of cases makes it almost impossible for studies to be made and guidelines to be 
established for most of the cases.
Keywords: quadruplet, quintuplet, high-order, management
1. Introduction
“High-order pregnancy” is defined by the presence of three or more fetuses. Before the 
introduction and widespread of modern fertility methods, a high-order pregnancy was rare 
and unique. The first recording of quadruplets, the Smiths, was in 1750 [1]. In 2009, Samson 
described again the Gehri quadruplets, born in 1880, the first to have survived to adulthood. 
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In 1896, the Lyon quintuplets died within 15 days from birth while the Dionne quintuplets 
born in 1934 were the first to survive through infancy [2]. Nowadays, even with the galloping 
improvement in perinatal care, a high-order pregnancy still represents a challenge where 
outcome is not always favorable.
Dionys Hellin still since 1895 was trying to predict the occurrence of multiples in nature [3]. 
The “Hellin-Zeleny’s rule” (after the publication of Zeleny’s work in 1921 [4]) was a simple 
way to predict the occurrence of multiple births. Among others, Peller in 1946 [5] and Allen in 
1960 [6] proposed new versions or improvements of this rule with various imitations [7, 8]. The 
incidence of multiple births has changed over time, presenting a decline until the late 1970s and 
an increase thereafter [9]. It is estimated that in the United States in 1980 there were 37 triplets 
or higher order births per 100,000 births, rising up to 1935 per 100,000 births in 1998 [10, 11]. 
Quadruplet and quintuplet or higher births raised from 229 and 40 in 1989 to 627 and 79, 
respectively, in 1998. Since 1999, a decline is observed, and in 2016, there were 1014 per 100,000 
triplets or higher order births, 217 quadruplet and 31 quintuplet and other higher order births 
[12]. In France, the increase of triplets or high-order pregnancies reached 310% and in England 
and Wales 430% [13]. There is a difficulty to estimate accurately how many of these high-order 
pregnancies are a result of natural conception, estimates put this number around 20% [14].
Modern fertility treatments are the most important reason for the increase in multifetal preg-
nancies. Medical societies around the world have recognized the problem and have published 
guidelines in order to minimize the frequency of high-order pregnancies resulting from fertil-
ity treatment. The economic side of the matter is also of great importance. In 1996, there was 
a report concluding that the cost per woman who delivered singletons or twins was approxi-
mately $39,000, while the cost per woman who delivered triplets or quadruplets was up to 
$340,000 [15]. In 2006, the annual cost of each preterm neonate in the USA was estimated 
around $51,600 [16]. Since 90% of high-order pregnancies are born prematurely, considering 
that the average gestational age at delivery for quadruplets is 29.5 weeks and for quintuplets 
29 weeks [17], it is easy to understand the impact of multifetal pregnancies to a tight health sys-
tem budget. Aside the financial cost to the health system, a high-order pregnancy can wreck 
any family financial planning. The average costs per child is about $233,680 in the USA (for a 
child born in 2015, data published by the U.S. Department of Agriculture), without the college 
education. The birth of four, five, or more children can make the cost for the family unbearable.
Together with the progress in infertility treatment, a lot of progress is made in prenatal and 
neonatal care. Ultrasound has changed maternity care with the early diagnosis of fetal condi-
tions. New techniques, such as fetal reduction, have made possible a favorable outcome from a 
pregnancy with normally poor outcome. Nevertheless, a high-order pregnancy still remains a 
challenge for both the clinician and the mother, not only during pregnancy but also after birth.
2. Pathophysiology of high-order pregnancy
A multiple gestation can either occur by a single fertilized ovum splitting (monozygotic), 
or by the fertilization of more than one ova at the same time (multizygotic), or even by the 
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combination of the above. For monozygotic pregnancies, the timing of the fertilized ovum 
splitting dictates the pregnancy chorionicity. When the splitting occurs soon after the fertiliza-
tion, it results in a diamniotic-dichorionic pregnancy. A diamniotic-monochorionic pregnancy 
occurs when the fertilized egg splits between the third and the eighth day after fertilization 
and a monoamniotic-monochorionic when the splitting occurs between the ninth and twelfth 
day. Conjoined twins are formed when the twinning process occurs after the formation of 
the yolk sac. A high-order pregnancy can harbor any of the above listed combinations [18]. 
Fetuses that result from the splitting of the same fertilized ovum are called monozygotic and 
the babies have the same genetic profile, physical characteristics, and sex, while fetuses that 
result from the fertilization of more eggs have different genetic background and can be of 
different sex.
A multiple pregnancy can occur as a consequence of a single ovum fertilization. Liu in 2010 
[19] reported a case of a monozygotic quadruplet pregnancy as a result of IVF, although the 
pregnancy ended in the ninth week of gestation due to chromosomal abnormalities. Nnadi 
in 2013 [20] described a case of monozygotic quadruplet pregnancy conceived naturally that 
ended in an elective cesarean section of a set of monochorionic tetra-amniotic quadruplets 
at 37 weeks of gestation. Neubecker in 1962 [21] and Rau in 1940 [22] reported two cases of 
monozygotic quintuplet pregnancies, indicating the possibility of a quadruplet and quintu-
plet pregnancy arising from a single ovum.
The term superfecundation is used to denote the fertilization of a second or more ova within 
hours or days after a first fertilization, which can result in a multiple pregnancy. The two fer-
tilizations can be either due to differed sexual intercourses or as a consequence to sexual inter-
course in a context of in vitro fertilization and embryo transfer. Peigné in 2011 [23] reported 
a case of a multiple pregnancy as a result of intercourse 1 day after the oocyte pick-up, while 
Milki in 2001 [24] reported a case of multifetal pregnancy occurring after sexual intercourse 
5 days prior to oocyte retrieval. Superfecundation raises the issue of paternity among sepa-
rately fertilized ova. Wenk et al. in 1992 [25] reviewed a parentage test database of 39,000 
records of parents involved in paternity suits and reported the percentage of heteropaternal 
superfecundation among dizygotic twins to be as high as 2.4%. In contrast to superfecunda-
tion, the term superfetation is used to describe a multiple pregnancy resulting after ovula-
tion, and fertilization occurs during an established pregnancy. Superfetation has not yet been 
proven possible in humans, although it exists in animals [26].
3. Predisposing factors for a high-order pregnancy
There have been described several factors related to increased incidence of multiple preg-
nancy, in particular twin pregnancy. Factors predisposing to a multiple pregnancy differ 
between monozygotic and multizygotic pregnancies in nature. The difficulty to determine 
any predisposing factors for quadruplet and higher order pregnancies lies in the limited 
series of patients and the lack of available data. Therefore, many factors associated with twin 
pregnancies are also considered to have a possible influence on the incidence of high-order 
pregnancies.
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Before the introduction of modern infertility treatments, the prevalence of monozygotic twin-
ning was relatively constant among different origins, oscillating between 3 and 5 per 1000 
live births [27]. On the other hand, the prevalence of dizygotic twinning differs concerning 
race, maternal age, and family history of twinning. Black women have the highest rate of 
dizygotic twins followed by Asian women and finally white women. Moreover, women with 
a family history for dizygotic twinning, such as a previous dizygotic pregnancy or being part 
of or related to a set of dizygotic twins, have greater probability to conceive dizygotic twins 
compared to women with no family history [14].
Since the early 1970s, maternal age was considered an important factor that could influence 
the conception of a multiple pregnancy, with a reported fourfold increase of dizygotic twin-
ning rate between the ages of 15 and 37 [28]. Maternal age does not seem to affect monozy-
gotic multiple pregnancy rates, as shown in multiple studies [29]. Women between the ages 
of 35 and 41 are more likely to have a multiple gestation. The increment in multifetal pregnan-
cies is probably related to higher basal FSH levels for women over the age of 35 compared 
to younger women. Higher levels of FSH can be associated with the maturation of multiple 
follicles in natural cycles and consequently the occurrence of a multiple pregnancy [30].
There is evidence that a woman’s somatometric parameters are associated with a multiple 
pregnancy. Women with a BMI over 30 are more likely to conceive more than one babies 
compared to women with normal BMI [31–34]. Noteworthy, a higher BMI increases the prob-
ability of multizygotic pregnancies but not monozygotic ones. Women’s height has been asso-
ciated with multiple pregnancies, even though its impact is less important than weight [34]. 
Women who are taller than 173 cm seem to have higher probability for dizygotic twinning 
compared to women shorter than 165 cm [31, 33].
Some lifestyle choices have also been proposed as predisposing factors for multiple preg-
nancy. Multivitamins and folic acid supplementation have been associated with an increased 
incidence of multiple gestation, even though the results were not statistically significant [35]. 
In order to confirm that the use of folic acid increases the rates of multiple pregnancies (up to 
40%), more trials have to be performed [36]. Coffee consumption, smoking, and alcohol have 
also been evaluated for their possible positive correlation with multiple pregnancy without 
fertility treatments [37]. This observation is surprising, since smoking and alcohol are known 
to have negative effects on the fetus and the pregnancy outcome. Kapidaki in 1995 [38] showed 
that for each cup of coffee per day there was an increase in the odds for multifetal pregnancy. 
Parazzini in 1996 [37], on the other hand, found no relation between multiple pregnancy and 
the extent of coffee drinking. In the same study, however, they found that women who were 
drinking ≥15 alcohol units per week and those who were smoking ≥10 cigarettes per day 
were more likely to conceive a multifetal pregnancy. In any case, more studies are necessary 
in order to have results that are more reliable.
The use of contraceptive pill and the time after its discontinuation are associated with multiple 
pregnancy. The theory behind this affirmation is an increase in the secretion of gonadotropins 
shortly after the cessation of the pill that could result in multiple pregnancies. Many stud-
ies, since the 1970s [39–42], have denoted an increase in twin pregnancies after the cessation 
of oral contraceptive pills. A study by Campbell in 1987 [43], however, found no statistical 
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significance between the cessation of oral contraceptives and the incidence of monozygotic 
or dizygotic twinning. In the same study, no significance was found between the time after 
cessation of contraceptives and the occurrence of twin pregnancy. As far as high-order preg-
nancies are concerned, there are no available data due to the limited number of cases.
Wen et al. in a study in 2004 [44] observed that women with high-order pregnancies were 
tended to be white (78.8% for twins, 89.4% for triplets, and 94.8% for quadruplets and more) and 
older (67.6% of mothers of triplets, 64.6% of quadruplets, and 46.3% of twins were older than 
30 years). Moreover, they were more likely to be married (72% for twins, 90.6% for triplets, and 
97.4% for quadruplets and more) and of higher education. Mothers of triplets, quadruplets, 
and more were less likely to have smoked during pregnancy and more likely to have received 
prenatal care earlier (93.6 and 94.6% for triplets and quadruplets in first trimester compared to 
the 85.4% for twin pregnancies). Finally, they were more likely to be women undergoing their 
first pregnancy (34.1% for twins, 51.2% for triplets, and 52.7% for quadruplets and higher). In 
a study by Luke and Brown in 2008 [45], which included the U.S. births from 1995 to 2000, the 
same demographic characteristics are evident among mothers of quadruplets, white, older 
women of higher education and at lower parity, married, and non-smokers.
Nowadays, the most important predisposing factor for multiple pregnancy is modern fer-
tility techniques. Induction of ovulation, the transfer of more than one embryos, IVF, ICSI, 
assisted hatching, or even the culture media have all been associated with increased incidence 
of a multiple gestation [14]. Some of the above have been strongly associated with multiple 
pregnancy, and regulations have been established in many countries either by law or official 
guidelines in order to reduce the incidence and any eventual complications of a multiple preg-
nancy (for instance, there is a limitation of the number of embryos allowed to be transferred). 
Many studies exist in literature, including case reports, for quadruplet/quintuplet pregnan-
cies after single/double blastocyst transfer. Quadruplet pregnancies have been reported after 
the transfer of only one [46] or two embryos [47–49], with variable chorionicity. There are also 
case reports of quintuplets originated from one fertilized egg (the Dionne quintuplets) and 
two [50, 51] or three blastocysts [52].
4. Diagnosis of a multifetal pregnancy
Early diagnosis of a multiple pregnancy is crucial for achieving the best outcome and for pre-
venting as many complications as possible, either maternal or fetal [53]. The preferred method 
to diagnose a multifetal gestation is by ultrasonography. This method is accurate enough to 
reveal a multiple pregnancy by the fourth week of gestation, although the number of yolk or 
gestational sacs can be misleading as early in pregnancy [54].
The term “vanishing fetus” or “natural fetal reduction” is used to describe the loss, through mis-
carriage, of one or more fetuses during a multiple gestation. This phenomenon can be observed 
up to the 16th week of pregnancy, and it can be either asymptomatic or it can present with bleed-
ing, pain, or abdominal cramps. Before the introduction of ultrasound, a vanishing fetus could 
only be diagnosed after delivery [55]. Dickey et al. estimated that the prevalence of a vanishing 
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fetus before the 12th week of a quadruplet pregnancy could be as high as 65% with great vari-
ability among different researchers [56]. They also showed that the probability of a spontaneous 
absorption in a multiple pregnancy was directly related to the initial number of gestational sacs 
and to maternal age (p < 0.001 and p < 0.01, respectively). In the same study, they concluded that 
the average duration of reduced twin pregnancies with initially four sacs was 11 days shorter 
when compared to the duration of unreduced twin pregnancies (254 days–243 days, p < 0.001). 
In addition, the birth weight of naturally reduced twins was lower compared to the weight of 
unreduced twins (2024 ± 668 g compared to 2453 ± 575 gr, p < 0.003).
Ultrasonography plays an important role in the diagnosis of chorionicity and placentation of 
a pregnancy. Determining chorionicity is crucial, since twin and triplet pregnancies with at 
least one monochorionic pair have greater perinatal morbidity and mortality [57, 58]. Perinatal 
mortality in quadruplets tends to be five times higher when a monochorionic set is present com-
pared to quadra-chorionic [57]. Adeghite et al. in 2007 [59] compared the differences in neonatal 
complications between quadra-chorionic quadramniotic and trichorionic newborns. There was 
statistically significant higher incidence for almost all complications considered within the 
trichorionic group. This group also had statistically significant higher rates in neonatal death 
when compared to the quadra-chorionic group. Furthermore, trichorionic infants were born 
much earlier and weighed less compared to the quadra-chorionic ones: 28 vs. 32 weeks and 69% 
<1000 g vs. 13% <1000 g (p < 0.001), respectively. There was no difference between the groups in 
regard to the mode of delivery. Some data suggest that the use of modern infertility treatment 
methods is associated with monozygotic twinning, although the data for some of these methods 
are conflicting [60]. Since 75% of monozygotic twins are also monochorionic [61], women who 
have undergone such treatments and have a multifetal gestation must be suspected for mono-
chorionicity. Chow et al. in 2001 in a study of 464 multiple gestations showed that in multiple 
gestations arising from artificial reproduction treatments, there is a correlation between the 
number of fetuses and the rates of monochorionic pairs [62]. Monochorionic pairs were present 
in only 2.1% of twin pregnancies, while in quadruplet and quintuplet pregnancies the rates 
were as high as 25% (p < 0.05). Chow et al. finally confirmed the observation made in earlier 
studies that a monochorionic pair is more likely to be found in a naturally conceived gestation.
Early ultrasound evaluation can identify placentation correctly in over 90% of multiple gesta-
tions, and in case this is not possible, the gestation should be treated as monochorionic [17]. 
The data regarding the incidence of placenta previa in a multiple gestation are conflicting. 
Some of them suggest that placenta previa is up to 40% more common in twin pregnancies 
[63], probably due to limited space in the endometrial cavity [64], whereas others argue that 
the incidence of placenta previa is not correlated with the number of embryos [65].
5. Complications and management of quadruplet/quintuplet 
pregnancies
Women with quadruplets and higher-order pregnancies are at increased risk for obstet-
ric complications compared to women with twin pregnancies. Moreover, a dose-response 
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relationship can be found for certain complications of the pregnancy. Wen et al. [44] in 2004 
compared the outcomes in women with twins, triplets, quadruplets, and high-order pregnan-
cies from 1995 to 1997. They concluded that women with triplets and more were in greater 
risk for pregnancy associated hypertension, eclampsia, anemia, diabetes mellitus, placental 
abruption, premature rupture of the membranes, and cesarean delivery, even after the adjust-
ment for important confounding factors. Wen also compared the maternal health outcomes. 
Women with triplets, quadruplets, and higher order are predisposed to develop pregnancy-
associated hypertension and diabetes mellitus (7.68% for twins, 10.32% for triplets, and 11.57% 
for quadruplets and higher order for hypertension, while for diabetes mellitus the rates were 
3.34% for twins, 5.97% for triplets, and 6.75% for quadruplets and higher order). Twins were 
less frequently delivered by cesarean section (51.21% compared to 86.78 and 84.87% for trip-
lets and quadruplets or higher, respectively) and had less chances for a premature rupture 
of the membranes (6.66% for twins, 11.17% for triplets, and 10.65 for quadruplets and more). 
The rise in rates for cesarean delivery as the number of fetuses increases could also explain 
the low rates of induction of labor and use of forceps and vacuum among triplets and quadru-
plets compared to twin pregnancies. The study by Luke and Brown in 2008 [45] also came to 
the same results that quadruplet pregnancies have greater chances for pregnancy-associated 
complications when compared to twin pregnancies. In the study by Luke and Brown, the 
p-value was <0.0001 for diabetes mellitus, incompetent cervix, induction of labor, stimulation 
of labor, tocolysis, cesarean delivery, premature rupture of the membranes, infant death of 
≥1 baby, birth at ≤29 weeks of pregnancy, and <0.05 for pregnancy-associated hypertension 
and eclampsia.
Multiple pregnancies present increased spontaneous loss rates, and these rates increase in 
parallel with the increase of the number of the fetuses. The authors estimate that a quadruplet 
pregnancy has a 25% chance for a spontaneous loss, while a quintuplet has three times more, 
up to 75%. This rise is more obvious when these rates are compared with the ones for a twin 
and a triplet pregnancy (8 and 15 respectively) [66].
Preterm labor has been proven the most common maternal complication in high-order 
pregnancies [67], and it is directly associated with the increased perinatal morbidity and 
mortality observed in these pregnancies, while the rates of pregnancy complications seem 
to be raised alongside the increase of the number of fetuses [14]. More than 90% of high-
order pregnancies are born prematurely, with the approximate gestational age at delivery 
for quadruplets to be estimated around 29.5 weeks, while for quintuplets this point is up to 
29 weeks of gestation [17]. In USA, in 2016, the 93% of quadruplets (217 cases) and the 100% 
of quintuplets and higher order pregnancies (31 cases) have been born before the 34th week 
of gestation [12].
In order to prolong the pregnancy, several methods have been used. Bed rest, either hospi-
talization or home rest, is a method still widely used. Although some researchers considered 
bed rest the most important mode of treatment and it was used to be advised to all patients 
[53], Crowther in 2001 [68] for a Cochrane review synthesized seven controlled trials includ-
ing twin and triplet gestations. Bed rest has been proven ineffective to reduce preterm labor, 
while on the same time it was psychologically distressing.
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Another method widely used for reduction of preterm labor in high-order pregnancies was 
prophylactic cervical cerclage. In the 1970s, it was suggested that prophylactic cervical cer-
clage could be beneficial in the prevention of preterm labor for multiple pregnancies [69]. 
More than 40 years after that, prophylactic placement of cervical cerclage—transabdominal 
or transvaginal—is considered of undetermined value [70] or of no significance regardless of 
the indication [71]. Straus in 2002 compared a group of quadruplet and quintuplet pregnan-
cies with cerclage and one without and found that the birth weight was higher in the cerclage 
group (p < 0.001). Despite the higher birth weight in the cerclage group, it was also evident 
that the perinatal morbidity and mortality were higher (69 vs. 32% for the non-cerclage group 
for morbidity and 10.26 vs. 5.55% for mortality), although the results due to the small number 
of cases were of no statistical significance. Strauss concluded that in order to see if prophylac-
tic placement of cervical cerclage has anything to offer to multiple pregnancies, randomized 
controlled studies have to be made, something difficult due to the limited number of multiple 
pregnancies.
Tocolysis is also another method for the prevention or delay of preterm labor. Several research-
ers and clinicians used several different medicines, as prophylactic treatment. Prophylactic 
tocolysis is not recommended since the data show no effect on risk reduction for preterm 
birth and further studies are needed [72]. Prolonged use of these medicines is also not recom-
mended since tocolysis does not seem to have a significant result to extend the pregnancy for 
more than 7 days [73].
Cervical pessary is another widely used strategy to prevent preterm labor. Research has been 
made for singleton and twin pregnancies, with conflicting results [74]. For multiple pregnan-
cies, Liem et al. [75] in a randomized controlled trial, cervical pessaries were not effective in 
preventing preterm birth, but showed some success for cases with a cervical length of less 
than the 25th percentile, but further research is needed with more patients. The researchers 
also noted the low cost of a pessary and the fact that it was well tolerated by the women in the 
trial, making it a choice to consider in developing countries.
Another strategy used to prolong a multiple pregnancy is the use of progesterone, with vaginal 
distribution to be preferred than the intramuscular one in terms of fewer maternal side effects 
[76]. Although for singleton pregnancies, progesterone is considered an effective choice, for 
multiple pregnancies there is insufficient evidence for the recommendation of its use, with or 
without a short cervical length, despite the use of 17-alpha-hydroxy-progesteronecaproate by 
some experts in women with multiple pregnancy and prior spontaneous preterm birth [77].
It is estimated that about 25–30% of preterm labor is the result of preterm premature rup-
ture of the membranes [78]. Luke and Brown in 2008 [65] published a study in which they 
compared risk rates for maternal and neonatal complications among high-order pregnan-
cies. According to their results, quadruplet pregnancies are more likely to be diagnosed with 
preterm premature rupture of the membranes (10.64% compared to 9.61% for triplets and 
6.17% for twin pregnancies, p < 0.001). In another retrospective cohort study of more than 
290,000 live births, premature rupture of the membranes complicated 19.6% for quadruplet 
and 100% for higher order (>4) pregnancies compared to 19.3% for triplets, 11.2% for twins, 
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and 3.1% for singletons [79]. In the same study, the proportion of preterm birth attributable to 
premature rupture of the membranes for extremely preterm gestational ages (before 28 weeks 
of pregnancy) was 50% for quadruplets and 100% for higher order pregnancies compared to 
26.9, 34.6, and 26.5% for triplets, twins, and singletons, respectively (p < 0.001). On the other 
hand, premature rupture of the membranes for late preterm gestational ages (34–37 weeks of 
gestation) contributed to 10% of quadruplets, 12.2% of triplets, 11% of twins, 10.2% of single-
tons, while no high-order pregnancies could reach that gestational age (p < 0.001). Finally, for 
quadruplets and high-order pregnancies, Caucasian race was a common aggravating factor, 
and premature rupture of the membranes in multifetal gestations increased with gestational 
plurality and occurred at earlier gestational age.
Hypertensive disorders of pregnancy are more common among multiple pregnancies, in 
particular quadruplet pregnancies have a reported incidence of pregnancy-associated hyper-
tension up to 40% with earlier and more severe onset [80]. Day in 2005 [81] showed that the 
rate of mild and severe preeclampsia is similar for triplets and quadruplets, with the exclu-
sion of women who delivered before 28 weeks. The rates for development of any pregnancy-
associated hypertensive disorder were 19.6% for quadruplets, 20% for triplet pregnancies, 
12.7% for twins, and 6.5% for singleton pregnancies. The same study showed that the rates for 
severe pregnancy-associated hypertensive disorders were 1.1, 3.1, 1.6, and 0.5% for quadru-
plet, triplet, twin, and singleton pregnancies, respectively. When comparing quadruplet with 
singleton pregnancies, quadruplets were strongly associated with severe pregnancy hyper-
tension disorders (p < 0.01). The studies by Wen in 2004 [64] and Luke and Brown in 2008 [65] 
also showed that women with quadruplets are more likely to develop pregnancy-associated 
hypertension compared to twins. Since placenta plays an important role in preeclampsia [82], 
the increased mass of the placenta in multifetal pregnancies is probably associated with the 
occurrence of preeclampsia. Preeclampsia is often atypical, with hypertension not always 
present, but with abnormal laboratory values. Hardardottir in 1996 [83] reported that in a 
series of three cases delivered for preeclampsia among eight quadruplet pregnancies, only 
one developed hypertension, none proteinuria, one had edema, and two had elevated uric 
acid >5 mg/dl. In the same study, the mean age for women with quadruplets and preeclamp-
sia was 34 years and without preeclampsia was 28.6 years, with no statistical significance. 
Despite the progress in understanding the pathogenesis of preeclampsia, little progress has 
been made in terms of treatment [84].
Molar pregnancy coexisting with live fetuses is a rare condition, with cases resulting to the 
delivery of a live fetus to be even scarcer. There are reports of quadruplet pregnancies with 
coexisting mole with different management and outcomes. The outcome does not usually 
include viable fetuses [85]. No guidelines for the management of a multiple pregnancy coex-
isting with a complete hydatidiform mole and live fetuses occur. Therapeutic abortion is 
always an option to consider, since the chances for delivering a live fetus are very low and 
the maternal risks are very high [86]. Tariq in 2014 [87] published a case report of a molar 
pregnancy diagnosed at 22 weeks where continuation of the pregnancy with close surveil-
lance was decided. The mother was under close monitoring and went into preterm labor at 
33 weeks. Three viable fetuses were delivered.
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Gestational diabetes can be expected to be more common among women with multifetal 
pregnancy. It has been shown that women with twins have higher rate of gestational diabetes 
than women with singleton pregnancies [88] and women with triplets tend to have higher 
rates than twins [89]. Wen in 2004 [64] showed a direct relationship between the number of 
fetuses and the rates of gestational diabetes. Luke and Brown [65] in 2008 confirmed these 
results by comparing twin and quadruplet pregnancies (p-value < 0.0001). The rarity of qua-
druplet and quintuplet pregnancies makes further research necessary in order to confirm that 
the rise in gestational diabetes rates continues among quadruplet and quintuplet pregnancies.
Women carrying multiples are at increased risk for urinary tract infection, with the rates for 
multiple pregnancies to be up to 4.6% compared to 3.7% for singleton pregnancies [90], pos-
sibly because of the larger size of the uterus or the levels of progesterone in the maternal 
circulation.
Nutrition and weight gain are of great importance in a multifetal pregnancy. Unfortunately, 
there are no recommendations available for quadruplet and quintuplet pregnancies. What is 
expected, is that weight gain might be faster than with triplets and twins, and although there 
are recommendations for singletons, twins and triplets, that has not yet been possible for 
higher-order pregnancies [91]. Multivitamin supplements such as folic acid, calcium, and vita-
mins are recommended, due to the high nutrient needs of the mother and the fetuses. Anemia 
and iron deficiency are the most common pregnancy-related complications [92, 93] and are 
associated with a series of maternal and neonatal complications, such as preterm delivery 
[94], low birth weight [95], birth asphyxia [92], and iron deficiency in high-risk infants [96]. 
Anemia and iron deficiency are more prevalent among women with a multifetal pregnancy 
compared to women carrying singletons, so nutriments and supplements containing iron are 
highly recommended [93]. Vitamin D and calcium through supplements, essential fatty acids 
through fresh or canned oil-rich fish, and additional energy and macronutrients are advised 
but there no studies estimating the exact daily requirements [91].
The positive effect of corticosteroid administration in singleton pregnancies is well established. 
In multifetal gestations however, the datas are still limited. There have been reports suggesting 
that betamethasone administration in quadruplet births is associated with increased uterine 
contractions, preterm labor with cervical change, and preterm labor requiring tocolysis [97]. 
Despite that, a single course of corticosteroids is recommended for all multifetal pregnant 
women at risk of preterm delivery between 24 and 0/7 weeks and 33 and 6/7 weeks of gesta-
tion. In addition, a single repeat dose should be administered to women less than 34 weeks of 
gestation, at risk of preterm delivery within 7 days, and whose prior dose of corticosteroids 
was administered more than 14 days before [98].
Quadruplets and quintuplets have higher neonatal and perinatal mortality compared to trip-
lets. Skrablin et al. in 2000 [99] published a study of 51 quadruplet and quintuplet pregnancies 
compared to 156 triplet pregnancies. They found no significant difference when compared 
the two groups for stillborns and neonatal mortality ≥28 weeks. On the other hand, they 
observed a statistically significant difference when they compared neonatal deaths (p = 0.02), 
the “Discharged Alive” (76.3% for triplets, 54.9% for quadruplets and quintuplets, p = 0.003), 
early neonatal mortality for ≥1000 g (p = 0.04), and perinatal mortality for >24 and ≥28 weeks of 
pregnancy (both p = 0.005). Mortality and morbidity seem to be related with preterm delivery, 
Multiple Pregnancy - New Challenges168
and high-order infants have comparable rates compared to singletons and twins of the same 
gestational age [70, 100]. In a retrospective study by Hernandez in 2009 [101], 26% of multiple 
pregnancies had at least one death (including triplets). In particular, 54% of quadruplet and 
100% of quintuplet pregnancies had at least one death, while the average weight at birth 
was 750 g for dead quadruplets and 1341 g for surviving quadruplets (p < 0.0007). Chibber 
in 2003 [102] in a study including 100 triplet, 27 quadruplets, and 10 quintuplet pregnancies 
showed that low birth weight is crucial for perinatal mortality and morbidity, with low birth 
weight complicating most of the 34 neonatal deaths in the quadruplet and quintuplet groups. 
Multiples are at increased risk of growth problems compared to singletons, with the degree 
of intrauterine growth restriction to increase as the number of fetuses increase. In the USA, 
in 2016, 77.1% of quadruplets were below 1500 g and 96.2% below 2500 g. When considering 
quintuplets and more, these rates rise up to 80.7 and 100%, respectively. The limited space 
in uterus and the limited nutrient supply might be responsible for low birth weight [103]. 
Unfortunately, there are no specific data for quadruplets and quintuplets.
A low Apgar score at birth is a common concern for neonatologists when a high-order preg-
nancy ends. Chibber in 2003 [102] highlighted the differences between triplet and higher 
pregnancies when the Apgar scores of the first and fifth minute were compared. The mean 
first-minute Apgar score for triplets was 7.8, while for quadruplets and quintuplets was only 
6.2 (p < 0.01). When compared the five-minute Apgar score, this was 8.8 for triplets and 7.2 
for quadruplets and quintuplets (p < 0.05). Skrablin et al. in 2000 [99] also observed statisti-
cal significances in their study, with the mean first-minute Apgar score for triplets to be 6.4 
and for quadruplets-quintuplets 4.9 (p = 0.003) and the five-minute Apgar score to be 7.6 for 
triplets and 6 for quadruplets and quintuplets (p = 0.01).
There are also some rare complications which have been reported in high-order pregnancies, 
but due to the limited number of cases, no guidelines are available. Fetofetal transfusion has 
been reported in quadruplet pregnancies [104–106] as well as quadruplet pregnancies with 
conjoined twins [107, 108]. Another complication that has been described in a quadruplet 
pregnancy was the rupture of an unscarred uterus, raising the debate of the ideal delivery 
time for a high-order pregnancy [109]. High-order pregnancies have significant higher rates 
of peripartum hysterectomy compared to singleton pregnancies [110], although the data from 
quadruplet and quintuplet pregnancies are limited.
6. Multifetal pregnancy reduction
High-order pregnancies hold a significant risk of miscarriage as well as neonatal and maternal 
morbidity and mortality. Fetal reduction, since its introduction in 1988 by Evans and his asso-
ciates [111], has shown encouraging results in regard to the outcome of a multiple pregnancy 
[66]. Antsaklis et al. in 2004 [112] in a series of 313 multiple pregnancies showed that fetal 
reduction can reduce the risk of pregnancy loss and severe prematurity in quadruplets and 
higher order pregnancies and result, in most cases, in at least one live neonate. In particular, 
he compared the two largest groups, that is triplets and quadruplets reduced to twins, as for 
miscarriage (8.25 vs. 8.96%), preterm delivery defined as <33 weeks (11.18 vs. 19.67%), and 
total fetal loss rate (15.41 vs. 14.93%). Altogether, the reduction of a high-order pregnancy 
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with more than four fetuses to twins holds the best outcome. When the median gestational 
age at delivery was compared, this was higher for >4 fetuses reduced to twins rather than 
triplets (36 vs. 31 weeks respectively) and for quadruplets reduced to singletons rather than 
twins (38 vs. 36 weeks respectively). Evans in 2014 [66] showed a 25% decrement of fetal loss 
when quadruplet pregnancies were reduced to either twins or singletons. In the same line, 
when quintuplets were reduced to twins, the risk of fetal loss was decreased by 50%.
Fetal reduction can be done either transabdominally or transvaginally. When the transab-
dominal approach is used, the proposed time frame is between the 10th and 16th week of ges-
tation, although the optimal timing is often arbitrary (Davis in 2014 [113] cited four different 
time frames suggested by four different researchers). Fetal reduction using the transvaginal 
approach can be performed earlier in the pregnancy when the placenta and the embryo are 
smaller. There is some skepticism concerning the transvaginal approach and the possibility of 
introducing vaginal bacteria [114]. Therefore, each center follows the practice they are more 
experienced in, since it has been shown to affect significantly pregnancy outcomes in terms of 
fetal loss and prematurity. Evans et al. in 2001 [115] studied the evolution of pregnancy out-
comes across time: before 1991, from 1991 to 1994, and after 1994. Loss rates decreased from 
13.2 to 9.7 to 6.4%, respectively. More specifically, loss rates for quadruplets reduced to twins 
were 13% before 1994 and only 6.6% thereafter, although it is difficult to identify whether 
experience, better ultrasonography techniques, or both played the most important role.
Fetal reduction is usually done by directly injecting KCL as a cardiotoxic agent, although 
aspiration of the embryonic parts has also been used [116]. Another reduction method used 
is thermocoagulation [117], either bipolar cord coagulation or radiofrequency ablation with 
similar results [118, 119]. Ligation of the cord as well as suture and compression of the cord 
on the uterine wall have also been used for fetal reduction [120].
First trimester reduction is a relatively simple and safe procedure with good results [121]. 
Nevertheless, many authors propose to perform fetal reduction in the second trimester after 
prenatal screening and possible detection of fetal abnormalities. Geva et al. in 2000 [122] pub-
lished a series of 38 multifetal reduction procedures in the second trimester compared to 70 
fetal reduction procedures in the first trimester. He included four quadruplet gestations in the 
first group and 18 in the second. The mean gestational age for quadruplets reduced to twins in 
the second trimester was higher compared to quadruplets reduced to twins in the first trimes-
ter (36.7 ± 1.2 vs. 33.6 ± 3.9 weeks respectively, p = 0.01). Accordingly, the mean birth weight of 
quadruplets reduced to twins in the second trimester was higher compared to the mean birth 
weight of quadruplets reduced to twins in the first trimester (2111 ± 3089 g vs. 1762 ± 503 g 
respectively) (statistically significant). When all pregnancy complications were compared, no 
statistically significant difference was found between the two groups, except for premature 
labor (p = 0.046). The authors concluded that when the second trimester is chosen for reduc-
tion, detection of fetal abnormalities and selection of an affected fetus can improve the outcome 
to similar results as for a first trimester reduction. This observation motivated several authors 
to propose the 15th–16th week of pregnancy as the optimal moment for fetal reduction [113].
Fetal reduction has shown to be a valuable option for high-order pregnancies (≥4) [123, 
124]. Antsaklis et al. in 1999 [125] compared the outcomes of reduced twins (from quadru-
plets and triplets) to unreduced twins. There was no difference in regard to perinatal or 
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obstetric complications. When he compared the outcomes of reduced twins between the 
10th and 11th week of gestation from triplet or quadruplet pregnancies, there were still no 
significant differences between the two groups. Wang in 2007 [126] studied 37 multifetal 
pregnancies reduced between the 12th + 1 and 25th week of gestation. He concluded that 
the incidence of preeclampsia is decreased after reduction. Boulot in 1993 [124], from a 
series of 61 multifetal pregnancies, concluded that the rate of miscarriage is lower when 
the aim of the reduction is twins rather than singletons. However, he found that the mis-
carriage rate was significantly lower when one fetus was reduced compared to 2 fetuses 
(6 vs. 24% respectively, p < 0.05). In another study by Timor-Tritsch in 2004 [127], the total 
pregnancy loss (at less than 24 weeks) for reduced quadruplets was at 1.8% (2.4% for the 
transabdominal route and 0% for the transvaginal route, p = 0.56). In the same study, the 
total pregnancy loss (at less than 24 weeks) for reduced quintuplets was at 14.3% (15.4% for 
the transabdominal route and 12.5% for the transvaginal route, p = 0.65). Multiple studies 
have concluded that the birth weight, gestational age at delivery, and perinatal mortality 
rate were directly correlated with the final number of fetuses [112, 128, 129]. Reductions of 
more than one fetus can be done in one session; however, when 5 or more fetuses need to 
be reduced to a singleton, two sessions seem to have better results than one, with 1 week 
interval between the sessions [66].
Another point to consider when counseling a couple about fetal reduction is the possibility 
of one of the remaining fetuses to develop intrauterine growth restriction. There is evidence 
that fetal reduction is not associated with an increased risk of intrauterine growth restric-
tion, unless it is performed on a high-order pregnancy [130]. Depp et al. in 1996 [131] have 
shown that when quadruplet and higher order pregnancies were reduced to twins the inci-
dence of one or more IUGR among fetuses was greater compared to non-reduced twins. 
The frequency of discordance was directly linked to the pre-reduction fetal number. The 
frequency in the non-reduced twin cohort was at 16.3%, and the rate of discordance for 
quadruplets reduced to twins was at 26.1%,while for higher order reductions reduced to 
twins was at 34.2%.
When discussing with a couple about the risks of multifetal pregnancy and the option for 
fetal reduction, the psychological strain needs to be addressed and properly managed. The 
first reaction of a couple when a multiple pregnancy is diagnosed is generally favorable, 
although parents need to be counseled about the risks of a multifetal pregnancy. A proposed 
fetal reduction can cause anxiety to the couple, but eventually the majority of patients accept 
to abort some fetuses in order to preserve the lives of the others [132]. Specifically, when qua-
druplets or more fetuses are involved, couples are more inclined to go through a reduction 
procedure [133], and in some cases, they consider reduction as mandatory [121], although 
ethical issues may always be a concern.
7. Delivery of a quadruplet or quintuplet pregnancy
The delivery of high-order pregnancies is challenging for the mother, the obstetricians, and 
pediatricians. Malpresentations are common, while the babies often require intensive care 
and special treatment, considering that more than 90% of high-order pregnancies are born 
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prematurely. Average gestational age at delivery is estimated around 29.5 weeks for quadru-
plets and 29 weeks for quintuplets [17], although term delivery has also been reported, mostly 
as case reports [20, 134, 135]. The rates of preterm birth in the USA at <37 weeks of gestation 
are estimated at 96.77% for quadruplets and 100% for quintuplets and more. When it comes 
at <34 weeks, the estimated rates are at 93.09% for quadruplets and 100% for quintuplets [12].
Cord prolapse, hemorrhage, and abruption of the placenta are undesirable possible com-
plications for any vaginal delivery, but in a high-order pregnancy where the mother and 
the fetuses are more vulnerable are even more undesirable. While there are many reviews 
about the mode of delivery for twin and triplet gestations, this is not possible for quadruplet 
and quintuplet pregnancies. For quadruplet pregnancies, vaginal delivery has been reported 
[136]. Cesarean section is preferred if the obstetrician is not confident enough with vaginal 
delivery maneuvers [137], while on the same time when an elective cesarean is selected, it 
allows the optimal preparation and logistic conditions [138]. The time of the elective delivery 
is also to be considered, with Elliot reporting choosing the 34 + 0 weeks for quadruplets [17]. 
Finally, further research is needed in order to safely determine whether cesarean or vaginal 
delivery can affect the Apgar score of the newborns [139].
The most challenging cases of quadruplet and quintuplet pregnancies are the cases where 
preterm labor of at least one fetus has occurred and delayed interval delivery is considered an 
option in order to improve the chances of survival for the remaining fetuses. Such cases with 
at least one newborn surviving have been published, both for quadruplet [140, 141] and for 
quintuplet pregnancies [142]. For twin and triplet gestations, some authors consider delayed 
internal delivery a viable option [143, 144], while for quadruplet and quintuplet pregnancies, 
there are still not enough data.
8. Conclusion
In cases of a quadruplet, quintuplet, or any high-order pregnancy, early diagnosis is crucial 
for the further management and treatment. The international literature concerning pregnan-
cies with more than three fetuses is still limited, and it is not going to be any better in the 
future. The prevalence of high-order pregnancies after the rise until 1996 is tending to nor-
malize, making—again—unique and rare such cases. The lack of cases and the diversity of 
these cases make it difficult to manage the complications, which will probably arise during a 
high-order pregnancy. New treatments used for singleton or twin pregnancy complications 
cannot always be considered as options for treating a high-order pregnancy, especially when 
no data are available. Beside the scientific interest for these cases and the challenge they pose 
to anyone dealing with them, it is always important to remember that the couple suffers the 
greater burden. The psychology of the couple should never be underestimated. Even by the 
beginning of the pregnancy, the possibility of a result not favorable is always in mind, so 
additional support is necessary. Fetal reduction is a method that improves the outcome of 
these pregnancies and could be offered as an option when there is experience with the proce-
dure and no other limitations are present (e.g. religious).
Multiple Pregnancy - New Challenges172
Author details
Stelios Fiorentzis1, Styliani Salta2,3, Michail Pargianas4, Artemis Pontikaki5, 
Dimitrios P. Koutsoulis6, Christodoulos Akrivis7, Dimitrios Akrivis7 and Ioannis Kosmas7*
*Address all correspondence to: kosmasioannis@gmail.com
1 Agios Nikolaos Crete, Greece
2 Cancer Biology and Therapeutics, Centre de Recherche Saint-Antoine, Institut National 
de la Santé et de la Recherche Médicale (INSERM) U938 and Institut Universitaire de 
Cancérologie, Faculté de Médecine, Sorbonne Université, Paris, France
3 Service d'Hématologie Biologique Hôpital Tenon, Hôpitaux Universitaires Est Parisien, 
Assistance Publique Hôpitaux de Paris (AP-HP), Paris, France
4 Medical School, University of Ioannina, Obstetrics and Gynecology, Ioannina, Greece
5 Department of Obstetrics and Gynecology, University Hospital of Heraklion, Greece
6 General Panarcadian of Tripolis, Greece
7 Department of Obstetrics and Gynecology, Ioannina State General Hospital G. 
Chatzikosta, Ioannina, Greece
References
[1] Aldwell A. Jane Smith, a fisherman’s wife in Kinsale, had four boys at a birth. Cork 
Post Office General Directory. 1884-5. F. Jackson. p. 156. Available from: http://www. 
corkpastandpresent.ie/places/streetandtradedirectories/1844-5aldwellscountycitypo-
generaldirectory/1844-5pages132to191/GeneralDirectory1844Pages156%20to%20161.pdf
[2] Wright C. They Were Five: The dionne quintuplets revisited. Journal of Canadian Studies. 
1995;29(4):5-14. DOI: 10.3138/jcs.29.4.5
[3] Hellin D. Die Ursache der Multiparität der Uniparen Tiere überhaupt und Zwill-
ingsschwangerschaft beim Menschen insbesondere. Edinburgh Medical Journal. 1895; 
41:241
[4] Zeleny C. The relative numbers of twins and triplets. Science. 1921;53(1368):262-263. 
Available from: http://science.sciencemag.org/content/53/1368/262.abstract
[5] Peller S. A new rule for predicting the occurrence of multiple births. American Journal of 
Physical Anthropology. 2005;4(1):99-106. DOI: 10.1002/ajpa.1330040110
[6] Allen G. A differential method for estimation of type frequencies in triplets and qua-
druplets. American Journal of Human Genetics. 1960;12:210-224. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/13792733
Quadruplets and Quintuplets
http://dx.doi.org/10.5772/intechopen.80338
173
[7] Fellman J, Eriksson AW. Statistical analyses of Hellin’s Law. Twin Research and Human 
Genetics. 2009;12(2):191-200. Available from: https://www.cambridge.org/core/article/
statistical-analyses-of-hellins-law/A6CF905FE383DEB83FC7D2A39CA4D317
[8] Fellman J, Eriksson AW. On the history of Hellin’s Law. Twin Research and Human 
Genetics. 2009;12(2):183-190. Available from: https://www.cambridge.org/core/article/
on-the-history-of-hellins-law/DBD48A06374EFA1F33894ADD09A1C0FF
[9] Pison G, D’Addato AV. Frequency of twin births in developed countries. Twin Research 
and Human Genetics. 2006;9(2):250-259. Available from: https://www.cambridge.org/
core/article/frequency-of-twin-births-in-developed-countries/26A0B60A621D3BE5B7A
EB664010D822E
[10] Martin JA, Park MM. Trends in twin and triplet births: 1980-97. National Vital Statis-
tics Reports. 1999;47(24):1-16. Available from: http://www.ncbi.nlm.nih.gov/pubmed/ 
11968567
[11] Ventura SJ, Martin JA, Curtin SC, Mathews TJ, Park MM. Births: Final data for 1998. 
National Vital Statistics Reports. 2000;48(3):1-100. Available from: http://www.ncbi.nlm.
nih.gov/pubmed/10761414
[12] Martin JA, Hamilton Brady E, MJK O, Driscoll AK, Drake P. Births: Final data for 2016. 
National Vital Statistics Reports. 2018;67(1):p.9, p.49-50. Available from: https://www.
cdc.gov/nchs/data/nvsr/nvsr67/nvsr67_01.pdf
[13] Blondel B, Kaminski M. Trends in the occurrence, determinants, and consequences of 
multiple births. Seminars in Perinatology. 2002;26(4):239-249. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/12211614
[14] Practice Committee of American Society for Reproductive Medicine. Multiple gestation 
associated with infertility therapy: An American Society for Reproductive Medicine 
Practice Committee opinion. Fertility and Sterility. 2012;97(4):825-834 Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/22192352
[15] Goldfarb JM, Austin C, Lisbona H, Peskin B, Clapp M. Cost-effectiveness of in vitro 
fertilization. Obstetrics and Gynecology. 1996;87(1):18-21. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/8532258
[16] Bromer JG, Ata B, Seli M, Lockwood CJ, Seli E. Preterm deliveries that result from mul-
tiple pregnancies associated with assisted reproductive technologies in the USA: A cost 
analysis. Current Opinion in Obstetrics & Gynecology. 2011;23(3):168-173. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/21372712
[17] Elliott JP. High-order multiple gestations. Seminars in Perinatology. 2005;29(5):305-311. 
Available from: http://linkinghub.elsevier.com/retrieve/pii/S0146000505000832
[18] Smith-Levitin M, Skupski Daniel W, Frank AC. Multifetal pregnancies: Epidemiology, clin-
ical characteristics, and management. In: Clinical Obstetrics. USA: Blackwell Publishing, 
Inc.; 2008. pp. 177-202. Available from: https://onlinelibrary.wiley.com/doi/abs/10.1002/ 
9780470753293.ch13
Multiple Pregnancy - New Challenges174
[19] Liu F, He L, Long X, Sun X, Zhang W, Zeng X, et al. Monozygotic quadruplets after 
in vitro fertilization and embryo transfer. Fertility and Sterility. 2010;94(6):2301-2302. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/20466362
[20] Nnadi D, Nwobodo E, Ibrahim A. Spontaneous monochorionic tetra-amniotic quadru-
plet pregnancy at term. Journal of Basic and Clinical Reproductive Sciences. 2013;2(1):57. 
Available from: http://www.jbcrs.org/text.asp?2013/2/1/57/112597
[21] Neubecker RD, Blumberg JM, Townsend FM. A human monozygotic quintuplet placenta: 
Report of a specimen. The Journal of Obstetrics and Gynaecology of the British Empire. 
1962;69:137-139. Available from: http://www.ncbi.nlm.nih.gov/pubmed/14479143
[22] Rau RK, Aiyar AA, Mathew TV. Quintuplets: Record of a premature delivery. British 
Medical Journal. 1940;1(4125):127-128. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/20782923
[23] Peigné M, Andrieux J, Deruelle P, Vuillaume I, Leroy M. Quintuplets after a transfer of 
two embryos following in vitro fertilization: A proved superfecundation. Fertility and 
Sterility. 2011;95(6):2124.e13-2124.e16. Available from: http://www.sciencedirect.com/
science/article/pii/S0015028211000392
[24] Milki AA, Hinckley MD, Grumet FC, Chitkara U. Concurrent IVF and spontaneous 
conception resulting in a quadruplet pregnancy. Human Reproduction. 2001;16(11): 
2324-2326. Available from: http://www.ncbi.nlm.nih.gov/pubmed/11679513
[25] Wenk RE, Houtz T, Brooks M, Chiafari FA. How frequent is heteropaternal superfe-
cundation? Acta Geneticae Medicae et Gemellologiae. 1992;41(1):43-47. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/1488855
[26] Cunningham F, Leveno K, Bloom S, et al. Multifetal gestation. In: Williams Obsetrics. 
22nd ed. NY: McGraw-Hill; 2005. pp. 911-948
[27] Gill P, Van Hook JM. Pregnancy, twins. In: StatPearls. Treasure Isl: StatPearls Publ; 2018
[28] Benirschke K. The biology of twinning in man. By M. G. Bulmer. Clarendon Press, 
Oxford. 205 pp. 1970. Teratology. 1971;4(2):213-213. Available from: http://doi.wiley.
com/10.1002/tera.1420040214
[29] Bortolus R. The epidemiology of multiple births. Human Reproduction Update. 1999;5(2): 
179-187. Available from: https://academic.oup.com/humupd/article-lookup/doi/10.1093/
humupd/5.2.179
[30] Beemsterboer SN, Homburg R, Gorter NA, Schats R, Hompes PGA, Lambalk CB. The 
paradox of declining fertility but increasing twinning rates with advancing maternal 
age. Human Reproduction. 2006;21(6):1531-1532. Available from: http://www.ncbi.nlm.
nih.gov/pubmed/16497698
[31] Nilsen T, Ørstavik R. Maternal body composition in relation to twinning. Norsk 
Epidemiologi. 2016;26(1-2):77-81. Available from: http://www.ntnu.no/ojs/index.php/
norepid/article/view/2019
Quadruplets and Quintuplets
http://dx.doi.org/10.5772/intechopen.80338
175
[32] Hoekstra C, Willemsen G, van Beijsterveldt CEMT, Lambalk CB, Montgomery GW, 
Boomsma DI. Body composition, smoking, and spontaneous dizygotic twinning. Fertility 
and Sterility. 2010;93(3):885-893. Available from: http://www.ncbi.nlm.nih.gov/pubmed/ 
19061995
[33] Basso O, Nohr EA, Olsen J, Christensen K. Relationship of maternal body mass index 
and height to twinning. Obstetrics and Gynecology. 2005;106(2):411. Available from: 
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an= 
00006250-200508000-00048
[34] Reddy UM, Branum AM, Klebanoff MA. Relationship of maternal body mass index and 
height to twinning. Obstetrics and Gynecology. 2005;105(3):593-597. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/15738030
[35] Lumley J, Watson L, Watson M, Bower C. Periconceptional supplementation with 
folate and/or multivitamins for preventing neural tube defects. Cochrane Database of 
Systematic Reviews. 2001;(3). Article No.: CD001056. DOI: 10.1002/14651858.CD001056. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/11686974
[36] Collins J. Global epidemiology of multiple birth. Reproductive Biomedicine. 2007; 
15(Suppl 3):45-52. Available from: http://www.ncbi.nlm.nih.gov/pubmed/18598609
[37] Parazzini F, Chatenoud L, Benzi G, Di Cintio E, Pino DD, Tozzi L, et al. Pregnancy: Coffee 
and alcohol intake, smoking and risk of multiple pregnancy. Human Reproduction. 
1996;11(10):2306-2309. Available from: http://dx.doi.org/10.1093/oxfordjournals.humrep.
a019094
[38] Kapidaki M, Roupa Z, Sparos L, Tzonou A, Olsen J, Trichopoulos D. Coffee intake 
and other factors in relation to multiple deliveries: A study in Greece. Epidemiology. 
1995;6(3):294-298. Available from: http://www.ncbi.nlm.nih.gov/pubmed/7619939
[39] Rothman KJ. Fetal loss, twinning and birth weight after oral-contraceptive use. The New 
England Journal of Medicine. 1977;297(9):468-471. Available from: http://www.ncbi.nlm.
nih.gov/pubmed/887128
[40] Harlap S. Multiple births in former oral contraceptive users. British Journal of Obstetrics 
and Gynaecology. 1979;86(7):557-562. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/476022
[41] Murphy MF, Campbell MJ, Bone M. Is there an increased risk of twinning after discon-
tinuation of the oral contraceptive pill? Journal of Epidemiology and Community Health. 
1989;43(3):275-279. Available from: http://www.ncbi.nlm.nih.gov/pubmed/2607308
[42] Kotb MM, El-Ghannam MA. Oral contraceptive and twinning: Case-control study. The 
Journal of the Egyptian Public Health Association. 1993;68(3-4):265-275. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/17265648
[43] Campbell D, Thompson B, Pritchard C, Samphier M. Does the use of oral contracep-
tion depress DZ twinning rates? Acta Geneticae Medicae et Gemellologiae. 1987;36(3): 
409-415. Available from: http://www.ncbi.nlm.nih.gov/pubmed/3451649
Multiple Pregnancy - New Challenges176
[44] Wen SW, Demissie K, Yang Q, Walker MC. Maternal morbidity and obstetric compli-
cations in triplet pregnancies and quadruplet and higher-order multiple pregnancies. 
American Journal of Obstetrics and Gynecology. 2004;191(1):254-258. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/15295375
[45] Luke B, Brown MB. Maternal morbidity and infant death in twin vs triplet and qua-
druplet pregnancies. American Journal of Obstetrics and Gynecology. 2008;198(4):401.
e1-401.10. Available from: http://www.ncbi.nlm.nih.gov/pubmed/18177828
[46] Saravelos SH, Zhang T, Chung JPW, Sun L-M, Sun Y, Li T-C, et al. Monochorionic 
quadramniotic and triamniotic pregnancies following single embryo transfers: Two case 
reports and a review of the literature. Journal of Assisted Reproduction and Genetics. 
2016;33(1):27-32. Available from: http://www.ncbi.nlm.nih.gov/pubmed/26564016
[47] Carrillo-Vadillo R, García-Lozano JC, Lozano Arana MD, Moliní Rivera JL, Sánchez 
Martín P, Antiñolo G. Two sets of monozygotic twins after intracytoplasmic sperm 
injection and transfer of two embryos on day 2. Fertility and Sterility. 2007;88(6):1676.
e3-1676.e5. Available from: http://www.ncbi.nlm.nih.gov/pubmed/17481624
[48] Cahill DJ, Jenkins JM, Soothill PW, Whitelaw A, Wardle PG. Quadruplet pregnancy fol-
lowing transfer of two embryos: Case report. Human Reproduction. 2003;18(2):441-443. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/12571187
[49] Grgic O, Ivanisevic M, Djelmis J, Lucinger D, Krile L. Successful pregnancy and delivery 
of two sets of monozygotic twins after intracytoplasmic sperm injection and embryo 
transfer: Case report and literature review. Fertility and Sterility. 2009;92(1):392.e5-392.
e8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/19439292
[50] Zikopoulos K, Platteau P, Kolibianakis E, Albano C, Van Steirteghem A, Devroey P. Quintu-
plet pregnancy following transfer of two blastocysts: Case report. Human Reproduction. 
2004;19(2):325-327. Available from: http://www.ncbi.nlm.nih.gov/pubmed/14747174
[51] Unger S, Hoopmann M, Bald R, Foth D, Nawroth F. Monozygotic triplets and monozy-
gotic twins after ICSI and transfer of two blastocysts: Case report. Human Reproduction. 
2004;19(1):110-113. Available from: http://www.ncbi.nlm.nih.gov/pubmed/14688167
[52] Yakín K, Kahraman S, Cömert S. Three blastocyst stage embryo transfer resulting in a 
quintuplet pregnancy. Human Reproduction. 2001;16(4):782-784. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/11278234
[53] Schenker JG, Laufer N, Weinstein D, Yarkoni S. Quintuplet pregnancies. European Journal 
of Obstetrics, Gynecology, and Reproductive Biology. 1980;10(4):257-268. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/6769719
[54] Arabin B, van Eyck J. The role of ultrasound in multiple pregnancy. Twin Research. 
2001;4(3):141-145. Available from: http://www.ncbi.nlm.nih.gov/pubmed/11665312
[55] Goldman GA, Dicker D, Feldberg D, Ashkenazi J, Yeshaya A, Goldman JA. The vanish-
ing fetus. A report of 17 cases of triplets and quadruplets. Journal of Perinatal Medicine. 
1989;17(2):157-162. Available from: http://www.ncbi.nlm.nih.gov/pubmed/2681669
Quadruplets and Quintuplets
http://dx.doi.org/10.5772/intechopen.80338
177
[56] Dickey RP, Taylor SN, Lu PY, Sartor BM, Storment JM, Rye PH, et al. Spontaneous 
reduction of multiple pregnancy: Incidence and effect on outcome. American Journal of 
Obstetrics and Gynecology. 2002;186(1):77-83. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/11810089
[57] Sebire NJ, Snijders RJ, Hughes K, Sepulveda W, Nicolaides KH. The hidden mortal-
ity of monochorionic twin pregnancies. British Journal of Obstetrics and Gynaecology. 
1997;104(10):1203-1207. Available from: http://www.ncbi.nlm.nih.gov/pubmed/9333002
[58] Adegbite AL, Ward SB, Bajoria R. Perinatal outcome of spontaneously conceived triplet 
pregnancies in relation to chorionicity. American Journal of Obstetrics and Gynecology. 
2005;193(4):1463-1471. Available from: http://www.ncbi.nlm.nih.gov/pubmed/16202741
[59] Adegbite AL, Ward BS, Bajoria R. Perinatal outcome of quadruplet pregnancies in rela-
tion to chorionicity. Journal of Perinatology. 2007;27(1):15-21. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/17180127
[60] Mateizel I, Santos-Ribeiro S, Done E, Van Landuyt L, Van de Velde H, Tournaye H, 
et al. Do ARTs affect the incidence of monozygotic twinning? Human Reproduction. 
2016;31(11):2435-2441. Available from: http://www.ncbi.nlm.nih.gov/pubmed/27664211
[61] Shulman LS, van Vugt JMG. Prenatal Medicine. Washington, DC: Taylor & Francis; 2006. 
447 p
[62] Chow JS, Benson CB, Racowsky C, Doubilet PM, Ginsburg E. Frequency of a mono-
chorionic pair in multiple gestations: Relationship to mode of conception. Journal of 
Ultrasound in Medicine. 2001;20(7):757-760; quiz 761. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/11444734
[63] Weis MA, Harper LM, Roehl KA, Odibo AO, Cahill AG. Natural history of placenta 
previa in twins. Obstetrics and Gynecology. 2012;120(4):753-758 Available from: http://
www.ncbi.nlm.nih.gov/pubmed/22996091
[64] Benirschke K. The biology of the twinning process: How placentation influences out-
come. Seminars in Perinatology. 1995;19(5):342-350. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/8821022
[65] Francois K, Johnson JM, Harris C. Is placenta previa more common in multiple gesta-
tions? American Journal of Obstetrics and Gynecology. 2003;188(5):1226-1227. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/12748486
[66] Evans MI, Andriole S, Britt DW. Fetal reduction: 25 years’ experience. Fetal Diagnosis and 
Therapy. 2014;35(2):69-82. Available from: http://www.ncbi.nlm.nih.gov/pubmed/24525884
[67] Abu-Heija AT. Maternal and neonatal outcome of high order gestation. Archives of 
Gynecology and Obstetrics. 2003;268(1):15-18. Available from: https://doi.org/10.1007/
s00404-002-0322-7
[68] Crowther CA, Han S. Hospitalisation and bed rest for multiple pregnancy. Cochrane 
Database of Systematic Reviews. 2010;(7). Article No.: CD000110. DOI: 10.1002/14651858. 
CD000110.pub2. Available from: http://www.ncbi.nlm.nih.gov/pubmed/20614420
Multiple Pregnancy - New Challenges178
[69] Zakut H, Insler V, Serr DM. Elective cervical suture in preventing premature delivery in 
multiple pregnancies. Israel Journal of Medical Sciences. 1977;13(5):488-492. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/873765
[70] Strauss A, Heer IM, Janssen U, Dannecker C, Hillemanns P, Müller-Egloff S. Routine cer-
vical cerclage in higher order multiple gestation—Does it prolong the pregnancy? Twin 
Research. 2002;5(2):67-70. Available from: http://www.ncbi.nlm.nih.gov/pubmed/11931683
[71] Rafael TJ, Berghella V, Alfirevic Z. Cervical stitch (cerclage) for preventing preterm 
birth in multiple pregnancy. Cochrane Database of Systematic Reviews. 2014;(9). 
Article No.: CD009166. DOI: 10.1002/14651858.CD009166.pub2. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/25208049
[72] Crowther CA. Prevention of preterm birth in multiple pregnancy. Baillière's Clinical 
Obstetrics and Gynaecology. 1998;12(1):67-75. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/9930290
[73] Haram K, Mortensen JHS, Morrison JC. Tocolysis for acute preterm labor: Does anything 
work. The Journal of Maternal-Fetal & Neonatal Medicine. 2015;28(4):371-378. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/24990666
[74] Boelig RC, Berghella V. Current options for mechanical prevention of preterm birth. 
Seminars in Perinatology. 2017;41(8):452-460. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/29033106
[75] Liem S, Schuit E, Hegeman M, Bais J, de Boer K, Bloemenkamp K, et al. Cervical pessaries 
for prevention of preterm birth in women with a multiple pregnancy (ProTWIN): A multi-
centre, open-label randomised controlled trial. Lancet (London, England). 2013;382(9901): 
1341-1349. Available from: http://www.ncbi.nlm.nih.gov/pubmed/23924878
[76] Kuon R-J, Abele H, Berger R, Garnier Y, Maul H, Schleußner E, et al. Progesterone for 
prevention of preterm birth—Evidence-based indications. Zeitschrift für Geburtshilfe 
und Neonatologie. 2015;219(3):125-135. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/26114408
[77] Society for Maternal-Fetal Medicine Publications Committee with Assistance of VB. 
Progesterone and preterm birth prevention: Translating clinical trials data into clinical 
practice. American Journal of Obstetrics and Gynecology. 2012;206(5):376-386. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/22542113
[78] Goldenberg RL, Culhane JF, Iams JD, Romero R. Epidemiology and causes of preterm 
birth. Lancet (London, England). 2008;371(9606):75-84. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/18177778
[79] Pakrashi T, Defranco EA. The relative proportion of preterm births complicated by 
premature rupture of membranes in multifetal gestations: A population-based study. 
American Journal of Perinatology. 2013;30(1):69-74. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/22773281
[80] Gibbs RS, Karlan S, Beth Y, Haney AF, Nygaard IE. Multiple gestation. In: Danforth’s 
Obstetrics and Gynecology. 10th ed. United States, Philadelphia: Wolters Kluwer Lippincott 
Williams & Wilkins;  2008
Quadruplets and Quintuplets
http://dx.doi.org/10.5772/intechopen.80338
179
[81] Day MC, Barton JR, O’Brien JM, Istwan NB, Sibai BM. The effect of fetal number on 
the development of hypertensive conditions of pregnancy. Obstetrics and Gynecology. 
2005;106(5 Pt 1):927-931. Available from: http://www.ncbi.nlm.nih.gov/pubmed/16260508
[82] Al-Jameil N, Aziz Khan F, Fareed Khan M, Tabassum H. A brief overview of preeclamp-
sia. Journal of Clinical Medical Research. 2014;6(1):1-7. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/24400024
[83] Hardardottir H, Kelly K, Bork MD, Cusick W, Campbell WA, Rodis JF. Atypical presen-
tation of preeclampsia in high-order multifetal gestations. Obstetrics and Gynecology. 
1996;87(3):370-374. Available from: http://www.ncbi.nlm.nih.gov/pubmed/8598957
[84] English FA, Kenny LC, McCarthy FP. Risk factors and effective management of pre-
eclampsia. Integrated Blood Pressure Control. 2015;8:7-12. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/25767405
[85] Chao AS, Tsai TC, Soong YK. Clinical management of a quadruplet pregnancy combin-
ing a triplet pregnancy with a classical hydatidiform mole: Case report and review of 
literature. Prenatal Diagnosis. 1999;19(11):1073-1076. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/10589065
[86] Amano T, Takahashi K, Kita N, Kimura F, Hirose M, Noda Y. A case of quadruplet 
pregnancy with a complete hydatidiform mole. Prenatal Diagnosis. 2005;25(8):718-721. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/16049994
[87] Tariq N, Ghazali U, Uddin Z, Rasheed K, Tariq H. Complete hydatidiform mole coex-
isting with three viable fetuses in a quadruplet pregnancy. Journal of the College of 
Physicians and Surgeons–Pakistan. 2016;26(4):326-328. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/27097708
[88] Rauh-Hain JA, Rana S, Tamez H, Wang A, Cohen B, Cohen A, et al. Risk for developing 
gestational diabetes in women with twin pregnancies. The Journal of Maternal-Fetal 
& Neonatal Medicine. 2009;22(4):293-299. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/19340713
[89] Sivan E, Maman E, Homko CJ, Lipitz S, Cohen S, Schiff E. Impact of fetal reduction 
on the incidence of gestational diabetes. Obstetrics and Gynecology. 2002;99(1):91-94. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/11777517
[90] Conde-Agudelo A, Belizán JM, Lindmark G. Maternal morbidity and mortality associated 
with multiple gestations. Obstetrics and Gynecology. 2000;95(6 Pt 1):899-904. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/10831988
[91] Roem K. Nutritional management of multiple pregnancies. Twin Research. 2003;6(6): 
514-519. Available from: http://www.ncbi.nlm.nih.gov/pubmed/14965462
[92] Suryanarayana R, Chandrappa M, Santhuram AN, Prathima S, Sheela SR. Prospective 
study on prevalence of anemia of pregnant women and its outcome: A community 
based study. Journal of Family Medicine and Primary Care;6(4):739-743. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/29564255
Multiple Pregnancy - New Challenges180
[93] Ru Y, Pressman EK, Cooper EM, Guillet R, Katzman PJ, Kent TR, et al. Iron deficiency 
and anemia are prevalent in women with multiple gestations. The American Journal 
of Clinical Nutrition. 2016;104(4):1052-1060. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/27581469
[94] Scholl TO, Hediger ML, Fischer RL, Shearer JW. Anemia vs iron deficiency: Increased 
risk of preterm delivery in a prospective study. The American Journal of Clinical 
Nutrition. 1992;55(5):985-988. Available from: http://www.ncbi.nlm.nih.gov/pubmed/ 
1570808
[95] Sangeetha V, Pushpalatha S. Severe maternal anemia and neonatal outcome. Scholars 
Journal of Applied Medicine Sciences. 2014;2:303-309
[96] Geltman PL, Meyers AF, Mehta SD, Brugnara C, Villon I, Wu YA, et al. Daily multivitamins 
with iron to prevent anemia in high-risk infants: A randomized clinical trial. Pediatrics. 
2004;114(1):86-93. Available from: http://www.ncbi.nlm.nih.gov/pubmed/15231912
[97] Elliott JP, Radin TG. The effect of corticosteroid administration on uterine activ-
ity and preterm labor in high-order multiple gestations. Obstetrics and Gynecology. 
1995;85(2):250-254. Available from: http://www.ncbi.nlm.nih.gov/pubmed/7824240
[98] Committee on Obstetric Practice. Committee Opinion No. 713: Antenatal corticoste-
roid therapy for fetal maturation. Obstetrics and Gynecology. 2017;130(2):e102-e109. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/28742678
[99] Skrablin S, Kuvacić I, Pavicić D, Kalafatić D, Goluza T. Maternal neonatal outcome in 
quadruplet and quintuplet versus triplet gestations. European Journal of Obstetrics, 
Gynecology, and Reproductive Biology. 2000;88(2):147-152. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/10690673
[100] Suri K, Bhandari V, Lerer T, Rosenkrantz TS, Hussain N. Morbidity and mortality of 
preterm twins and higher-order multiple births. Journal of Perinatology;21(5):293-299. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/11536022
[101] Hernández Herrera RJ, del Rayo Rivas Ortiz Y, Alcalá Galván LG, Ramos González 
R, Flores Santos R, Torcida González ME. Perinatal mortality in multiple pregnancies. 
Ginecología y Obstetricia de México. 2009;77(3):147-150. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/19400518
[102] Chibber R, Fouda M, Shishtawy W, Al-Dossary M, Al-Hijji J, Amen A, et al. Maternal 
and neonatal outcome in triplet, quadruplet and quintuplet gestations following ART: 
A 11-year study. Archives of Gynecology and Obstetrics. 2013;288(4):759-767. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/23543239
[103] Blickstein I, Keith L. Intrauterine growth. In: Multiple Pregnancy: Epidemiology, Gestation 
and Perinatal Outcome. 2nd ed. Abingdon: Taylor and Francis; 2005. pp. 505-513
[104] Berg C, Baschat AA, Geipel A, Germer U, Smrcek J, Krapp M, et al. First trimester twin-
to-twin transfusion syndrome in a trichorionic quadruplet pregnancy—A diagnostic 
challenge. Fetal Diagnosis and Therapy;17(6):357-361. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/12393966
Quadruplets and Quintuplets
http://dx.doi.org/10.5772/intechopen.80338
181
[105] O’Brien BM, Feltovich HM, Carr SR, Luks FI. Feto-fetal transfusion syndrome in mono-
chorionic quadruplets. Obstetrics and Gynecology. 2010;115(2 Pt 2):470-472. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/20093884
[106] Tul N, Bricelj K, Ravnik D, Diehl W, Hecher K. Successful laser treatment in monocho-
rionic quadruplets affected by fetofetal transfusion syndrome. Ultrasound in Obstetrics & 
Gynecology. 2015;46(6):749-750. Available from: http://www.ncbi.nlm.nih.gov/pubmed/ 
26411739
[107] Mendilcioglu I, Simsek M. Conjoined twins in a trichorionic quadruplet pregnancy after 
ovulation induction with clomiphene citrate. Fetal Diagnosis and Therapy. 2008;24(1): 
51-54. Available from: http://www.ncbi.nlm.nih.gov/pubmed/18504382
[108] Rohilla S, Dahiya K, Rathee S, Yadav RK, Dhaulakhandi DB. Conjoined twins in 
a spontaneous trichorionic quadruplet pregnancy: A case report. The Journal of 
Reproductive Medicine;56(7-8):351-355. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/21838168
[109] Tarney CM, Whitecar P, Sewell M, Grubish L, Hope E. Rupture of an unscarred uterus in 
a quadruplet pregnancy. Obstetrics and Gynecology. 2013;121(2 Pt 2 Suppl 1):483-485. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/23344417
[110] Francois K, Ortiz J, Harris C, Foley MR, Elliott JP. Is peripartum hysterectomy more 
common in multiple gestations? Obstetrics and Gynecology. 2005;105(6):1369-1372. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/15932831
[111] Evans MI, Fletcher JC, Zador IE, Newton BW, Quigg MH, Struyk CD. Selective first-tri-
mester termination in octuplet and quadruplet pregnancies: Clinical and ethical issues. 
Obstetrics and Gynecology. 1988;71(3 Pt 1):289-296. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/3347412
[112] Antsaklis A, Souka AP, Daskalakis G, Papantoniou N, Koutra P, Kavalakis Y, et al. 
Pregnancy outcome after multifetal pregnancy reduction. The Journal of Maternal-
Fetal & Neonatal Medicine. 2004;16(1):27-31. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/15370079
[113] Davis C, Douglas H. Selective reduction of fetuses in multiple pregnancies and the law 
in Australia. Journal of Law and Medicine. 2014;22(1):155-173. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/25341325
[114] Berkowitz RL, Lynch L, Chitkara U, Wilkins IA, Mehalek KE, Alvarez E. Selective 
reduction of multifetal pregnancies in the first trimester. The New England Journal 
of Medicine. 1988;318(16):1043-1047. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/3352698
[115] Evans MI, Berkowitz RL, Wapner RJ, Carpenter RJ, Goldberg JD, Ayoub MA, et al. 
Improvement in outcomes of multifetal pregnancy reduction with increased experi-
ence. American Journal of Obstetrics and Gynecology. 2001;184(2):97-103. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/11174487
Multiple Pregnancy - New Challenges182
[116] Mansour RT, Aboulghar MA, Serour GI, Sattar MA, Kamal A, Amin YM. Multifetal preg-
nancy reduction: Modification of the technique and analysis of the outcome. Fertility 
and Sterility. 1999;71(2):380-384. Available from: http://www.ncbi.nlm.nih.gov/pubmed/ 
9988416
[117] Rodeck C, Deans A, Jauniaux E. Thermocoagulation for the early treatment of preg-
nancy with an acardiac twin. The New England Journal of Medicine. 1998;339(18): 
1293-1295. Available from: http://www.ncbi.nlm.nih.gov/pubmed/9791145
[118] Yinon Y, Ashwal E, Weisz B, Chayen B, Schiff E, Lipitz S. Selective reduction in compli-
cated monochorionic twins: Prediction of obstetric outcome and comparison of tech-
niques. Ultrasound in Obstetrics & Gynecology. 2015;46(6):670-677. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/25867754
[119] Peng R, Xie H-N, Lin M-F, Yang J-B, Zhou Y, Chen H-Q, et al. Clinical outcomes after 
selective fetal reduction of complicated monochorionic twins with radiofrequency 
ablation and bipolar cord coagulation. Gynecologic and Obstetric Investigation. 2016; 
81(6):552-558. Available from: http://www.ncbi.nlm.nih.gov/pubmed/27035917
[120] Gallot D, Laurichesse H, Lemery D. Selective feticide in monochorionic twin preg-
nancies by ultrasound-guided umbilical cord occlusion. Ultrasound in Obstetrics & 
Gynecology. 2003;22(5):484-488. Available from: http://www.ncbi.nlm.nih.gov/pubmed/ 
14618661
[121] Vauthier-Brouzes D, Lefebvre G. Selective reduction in multifetal pregnancies: 
Technical and psychological aspects. In: Presented at the 7th World Congress of In Vitro 
Fertilization and Assisted Procreations, Paris, France, June 30 to July 3, 1991. Fertility 
and Sterility. 1992;57(5):1012-1016. Available from: http://www.sciencedirect.com/
science/article/pii/S0015028216550183
[122] Geva E, Fait G, Yovel I, Lerner-Geva L, Yaron Y, Daniel Y, et al. Second-trimester 
multifetal pregnancy reduction facilitates prenatal diagnosis before the procedure. 
Fertility and Sterility. 2000;73(3):505-508. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/10689003
[123] Donner C, de Maertelaer V, Rodesch F. Multifetal pregnancy reduction: Comparison of 
obstetrical results with spontaneous twin gestations. European Journal of Obstetrics, 
Gynecology, and Reproductive Biology. 1992;44(3):181-184. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/1607057
[124] Boulot P, Hedon B, Pelliccia G, Lefort G, Deschamps F, Arnal F, et al. Multifetal preg-
nancy reduction: A consecutive series of 61 cases. British Journal of Obstetrics and 
Gynaecology. 1993;100(1):63-68. Available from: http://www.ncbi.nlm.nih.gov/pubmed/ 
8427841
[125] Antsaklis AJ, Drakakis P, Vlazakis GP, Michalas S. Reduction of multifetal pregnan-
cies to twins does not increase obstetric or perinatal risks. Human Reproduction. 
1999;14(5):1338-1340. Available from: http://www.ncbi.nlm.nih.gov/pubmed/10325290
Quadruplets and Quintuplets
http://dx.doi.org/10.5772/intechopen.80338
183
[126] Wang X, Li H, Feng H, Zuo C, Chen Y, Li L, et al. Clinical study of selective multifetal 
pregnancy reduction in second trimester. Zhonghua Fu Chan Ke Za Zhi. 2007;42(3): 
152-156. Available from: http://www.ncbi.nlm.nih.gov/pubmed/17537297
[127] Timor-Tritsch IE, Bashiri A, Monteagudo A, Rebarber A, Arslan AA. Two hundred ninety 
consecutive cases of multifetal pregnancy reduction: Comparison of the transabdominal 
versus the transvaginal approach. American Journal of Obstetrics and Gynecology. 
2004;191(6):2085-2089. Available from: http://www.ncbi.nlm.nih.gov/pubmed/15592295
[128] Brambati B, Tului L, Baldi M, Guercilena S. Genetic analysis prior to selective fetal reduc-
tion in multiple pregnancy: Technical aspects and clinical outcome. Human Reproduction. 
1995;10(4):818-825. Available from: http://www.ncbi.nlm.nih.gov/pubmed/7650128
[129] Timor-Tritsch IE, Peisner DB, Monteagudo A, Lerner JP, Sharma S. Multifetal pregnancy 
reduction by transvaginal puncture: Evaluation of the technique used in 134 cases. 
American Journal of Obstetrics and Gynecology. 1993;168(3 Pt 1):799-804. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/8456883
[130] Torok O, Lapinski R, Salafia CM, Bernasko J, Berkowitz RL. Multifetal pregnancy 
reduction is not associated with an increased risk of intrauterine growth restriction, 
except for very-high-order multiples. American Journal of Obstetrics and Gynecology. 
1998;179(1):221-225. Available from: http://www.ncbi.nlm.nih.gov/pubmed/9704791
[131] Depp R, Macones GA, Rosenn MF, Turzo E, Wapner RJ, Weinblatt VJ. Multifetal preg-
nancy reduction: Evaluation of fetal growth in the remaining twins. American Journal 
of Obstetrics and Gynecology. 1996;174(4):1233-1238, 40. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/8623851
[132] Schreiner-Engel P, Walther VN, Mindes J, Lynch L, Berkowitz RL. First-trimester mul-
tifetal pregnancy reduction: Acute and persistent psychologic reactions. American 
Journal of Obstetrics and Gynecology. 1995;172(2 Pt 1):541-547. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/7856683
[133] Goldfarb J, Kinzer DJ, Boyle M, Kurit D. Attitudes of in vitro fertilization and intrauter-
ine insemination couples toward multiple gestation pregnancy and multifetal preg-
nancy reduction. Fertility and Sterility. 1996;65(4):815-820. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/8654645
[134] Ogunnowo T, Oluwole O, Aimakhu C, Ilesanmi A, Omigbodun A. Term quadruplet 
pregnancy: A case report. Nigerian Journal of Surgical Research. 2004;6(1-2):56-58. 
Available from: http://www.ajol.info/index.php/njsr/article/view/54796
[135] Edris FE. Trichorionic quadruplet delivered beyond 36 weeks of gestation: A case report 
and literature review. Case Reports in Obstetrics and Gynecology. 2011;2011:181034. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/22567493
[136] Atlay RD, Pennington GW. The use of clomiphene citrate and pituitary gonadotropin 
in successive pregnancies: The Sheffield quadruplets. American Journal of Obstetrics 
and Gynecology. 1971;109(3):402-407. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/5549182
Multiple Pregnancy - New Challenges184
[137] Loucopoulos A, Jewelewicz R. Management of multifetal pregnancies: Sixteen years’ 
experience at the Sloane hospital for women. American Journal of Obstetrics and 
Gynecology. 1982;143(8):902-905. Available from: http://www.sciencedirect.com/science/
article/pii/0002937882904719
[138] Strauss A, Paek BW, Genzel-Boroviczény O, Schulze A, Janssen U, Hepp H. Multifetal 
gestation—Maternal and perinatal outcome of 112 pregnancies. Fetal Diagnosis and 
Therapy;17(4):209-217. Available from: http://www.ncbi.nlm.nih.gov/pubmed/12065948
[139] Ron-El R, Mor Z, Weinraub Z, Schreyer P, Bukovsky I, Dolphin Z, et al. Triplet, qua-
druplet and quintuplet pregnancies: Management and outcome. Acta Obstetricia et 
Gynecologica Scandinavica. 2018;71(5):347-350. Available from: https://doi.org/10.3109/ 
00016349209021071
[140] Olatunbosun OA, Turnell RW, Sankaran K, Ninan A. Delayed interval delivery in 
quadruplets. International Journal of Gynaecology and Obstetrics. 1995;50(3):287-290. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/8543113
[141] Flynn A, Scott F, Birrell W, Evans N. Delayed-interval delivery in a quadruplet preg-
nancy: The use of transperineal ultrasound and cervical cerclage. The Australian & 
New Zealand Journal of Obstetrics & Gynaecology. 1995;35(3):280-282. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/8546643
[142] Elias M, Heimrath J, Zimmer M, Woytoñ J, Goluda M. Delayed interval delivery in 
a quintuplet pregnancy. Human Reproduction. 1998;13(1):224-226. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/9580192
[143] Poeschmann PP, van Oppen CA, Bruinse HW. Delayed interval delivery in mul-
tiple pregnancies: Report of three cases and review of the literature. Obstetrical & 
Gynecological Survey. 1992;47(3):139-147. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/1741099
[144] Wittmann BK, Farquharson D, Wong GP, Baldwin V, Wadsworth LD, Elit L. Delayed 
delivery of second twin: Report of four cases and review of the literature. Obstetrics 
and Gynecology. 1992;79(2):260-263. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/1731296
Quadruplets and Quintuplets
http://dx.doi.org/10.5772/intechopen.80338
185

